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Abstract
Coastal habitats are important for commercially exploited and protected species of fish and larger mobile invertebrates. The 
addition of artificial structures within the marine environment has the potential to alter the connectivity between habitats 
and to affect metapopulations of a region. Baited remote underwater videos (BRUV) were used to investigate the spatial and 
seasonal variation in abundance of adult and juvenile mobile species associated with subtidal natural and artificial habitats 
within Poole Bay on the south coast of England in 2019. Metrics included the relative maximum abundance (MaxN), number 
of species seen (S), assemblage structure and size range of fish. Higher values of MaxN and S were recorded on artificial 
structures in the spring and early summer; however, this pattern was reversed by mid-summer and early autumn when more 
fish were recorded on the natural reefs. Yet overall differences in MaxN and S between habitats were not significant. Differ-
ences in assemblage composition between habitats varied monthly, but this was mostly driven by particular sites. Although 
most fish observed were juveniles, there were some seasonal differences in the size of fish using natural and artificial sites, 
especially bib (Trisopterus luscus), black bream (Spondyliosoma cantharus), bass (Dicentrarchus labrax) and pollack (Pol-
lachius pollachius). The artificial habitats in this region appeared to be important in certain months, so temporal studies of 
this type need to be incorporated within surveys, particularly those in proximity to protected areas.
Introduction
Coastal inshore habitats support a large variety of mobile 
marine fauna including commercial and protected species. 
In this study, habitat refers to an environment defined by spe-
cific abiotic and biotic factors, in which the species lives at 
any stage of its biological cycle (Habitats Directive, Council 
Directive 92/43/EEC). These habitats have been severely 
degraded through anthropogenic impacts such as fishing, 
coastal development, dredging and pollution, resulting in 
habitat loss and habitat fragmentation (Airoldi and Beck 
2007; Aguilera 2018). Most fish spend at least part of their 
life within coastal regions and many species migrate over 
large distances, using these habitats as stepping stones for 
foraging and shelter (Vega Fernández et al. 2008). Coastal 
habitats often provide a key nursery ground, providing suit-
able food and a refuge for different life history stages (Beck 
et al. 2001; Gillanders et al. 2003; Dufour et al. 2009; Kopp 
et al. 2013; Seitz et al. 2014; Elliott et al. 2017).
The increasing numbers of artificial structures can (a) 
create physical barriers to movement, (b) introduce new 
materials that assist movement across a landscape and/or (c) 
alter trophic connectivity which in turn impact the genetic 
diversity and size of populations, the distribution of species 
and assemblage structure and ecological functioning of a 
population (Bishop et al. 2017). They also have the potential 
to become ecological traps as organisms may choose to settle 
out in poor quality habitat (Schlaepfer et al. 2002; Hale and 
Swearer 2016). Therefore, artificial structures could have an 
influence on the distribution of coastal mobile fauna, such 
as predatory fish species, by altering connectivity between 
isolated habitats and trophic relationships.
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Early work on the mobile fauna associated with subtidal 
artificial structures focussed on artificial reefs (reviewed by 
Baine 2001) and more recent studies have considered the 
impact of renewable energy installations (Wilhelmsson et al. 
2006; Reubens et al. 2013; Krone et al. 2013; Langhamer 
et al. 2016; Bender et al. 2020; Glarou et al. 2020; Sheehan 
et al. 2020) and decommissioned oil rigs (Claisse et al. 2014, 
2015). Yet work on other types of artificial structures in tem-
perate regions, such as pipeline infrastructure and subtidal 
coastal defences, is lacking. This is particularly important 
in close proximity to protected areas where the connectivity 
between isolated habitats is important to understand.
Comparative studies on natural versus artificial reefs vary 
with some reporting similar assemblages of fish on natural 
and artificial reefs (Randall 1963; Bohnsack and Sutherland 
1985; Bohnsack 1989), while others have found distinct 
assemblages on artificial reefs (Hackradt et al. 2011; Folpp 
et al. 2013) with species-specific recruitment occurring 
(Komyakova and Swearer 2019). Higher densities of fish 
have been recorded on artificial reefs (Bohnsack 1989; Folpp 
et al. 2013), whereas greater species richness and abundance 
has been measured on natural reefs (Carr and Hixon 1997; 
Hackradt et al. 2011). A recent meta-analysis found that 
across 39 relevant studies, artificial reefs supported compa-
rable levels of fish density, species richness and diversity to 
natural reefs (Paxton et al. 2020). In some cases, artificial 
reefs have been shown to support increased number of fish 
(Bohnsack 1989; Pickering and Whitmarsh 1997). However, 
it is uncertain whether this is due to attraction and/or produc-
tion. In regions where suitable natural habitat is available the 
creation of artificial reefs may negatively affect the fitness of 
fish populations due to provision of poor quality habitat and 
lack of habitat diversity (Komyakova and Swearer 2019). 
Fish are known to aggregate around changes in topography 
(Randall 1963), either in the form of natural reefs or artificial 
structures. Increased fish species richness and abundance 
has been shown to be related to greater habitat diversity 
(Hackradt et al. 2011; Davis and Smith 2017), and fish spe-
cies richness and abundance was found to be higher on reef 
habitats than surrounding sediment (Schultz et al. 2012; 
Folpp et al. 2013; Davis and Smith 2017).
The quality of the nursery habitat and feeding areas can 
determine the number of individuals that will contribute to 
the adult population, therefore identifying juvenile fish habi-
tat is crucial for conservation (Gillanders et al. 2003), and 
this may vary seasonally (Komyakova and Swearer 2019). 
Harbours and marinas have been shown to create nursery 
habitats for juvenile bass in the north-western Mediterranean 
(Dufour et al. 2009), and breakwaters have been found to 
support higher densities of sea bream than natural habitats 
on the Catalan coast of France (Pastor et al. 2013). Although 
some studies have focused on particular species (Komyakova 
and Swearer 2019), the influence of seasonal variation in 
populations and assemblages on both inshore natural and 
artificial habitats has not been well researched. For example, 
it is possible that species might utilise resources of both 
habitat types at different life history stages.
Although telemetry and genetic analysis are increasingly 
applied to establish habitat connectivity, these techniques 
remain expensive and not yet widely used in all coastal 
areas. An indirect approach to infer movement and con-
nectivity is through the investigation of changes in abun-
dance and size classes in spatially separated habitats (Gil-
landers et al. 2003). Underwater camera techniques allow 
data acquisition in a non-destructive manner, such as baited 
remote underwater video (BRUV), remotely operated vehi-
cles (ROV) and diver-based surveys (Schramm et al. 2020). 
BRUV is used around the world in a variety of habitats 
including coral reefs, rocky reefs and seagrass. It is useful 
in protected areas due to its non-extractive nature and in 
sites that may be hazardous or inaccessible to divers, includ-
ing artificial structures (Cappo et al. 2004; Malcolm et al. 
2007; Dorman et al. 2012; Unsworth et al. 2014; Schmid 
et al. 2017; Whitmarsh et al. 2017). Stereo BRUV has been 
developed to allow accurate measurements of fish species 
to determine the proportion of adults and juveniles within 
a particular area (Unsworth et al. 2014; Griffin et al. 2016).
The aims of this study were to investigate differences 
in the spatial and temporal structure of mobile reef assem-
blages in natural and artificial habitat within Poole Bay using 
the following hypotheses:
There will be a significantly higher maximum number 
of individuals observed in any one frame (MaxN) and 
greater number of species (S) recorded on natural sites in 
comparison with artificial sites due to increased habitat 
diversity.
The assemblage structure will be significantly different 
between natural and artificial sites due to habitat vari-
ability, and there will be a greater variety of species in 
the warmer summer months due to inshore migration and 
recruitment.
The size and number of adult and juvenile fish associated 
with natural and artificial habitats will vary throughout 
the months due to recruitment and growth.
Methods
Study site
Poole Bay is predominantly sand with small isolated 
subtidal rocky outcrops of sandstone reefs and mixed 
sediment. Within the bay there are several artificial struc-
tures including piers, outfall pipelines, artificial reefs and 
subtidal breakwaters. There are two marine protected 
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areas/marine conservation zones (MCZ) within Poole Bay 
(Fig. 1): Poole Rocks MCZ is located to the east of Poole 
Harbour entrance, and Studland Bay MCZ is located to 
the south-west of Poole Bay. A variety of species of fish 
including bass (Dicentrarchus labrax), black bream (Spon-
dyliosoma cantharus) and pollack (Pollachius pollachius) 
are exploited using nets, trawls and by anglers on chartered 
vessels. Pots for lobster (Homarus gammarus) and brown 
crab (Cancer pagurus) are set around the reefs and some 
structures (SIFCA 2020).
Three undisturbed natural patch reef habitats (Inner 
Poole Patch, Durley Rocks and Outer Poole Patch) (Fig. 1, 
Table 1) and three accessible artificial habitats were stud-
ied: a subtidal limestone breakwater (known as the Train-
ing Bank, as it “trains” water out of Poole Harbour on an 
ebb tide) constructed in 1924, a disused outfall pipeline 
Fig. 1  Location of survey sites within Poole Bay, UK. Natural sites indicated with brown square—Inner Poole Patch, Outer Poole Patch and 
Durley Rocks. Artificial sites indicated by black triangle—Training Bank, Shore road pipe and Poole Bay Artificial Reef
Table 1  Habitat, site, coordinates, depth and habitat area for all six sites
Habitat Site Coordinates (WGS84) Depth: chart datum 
(m)
Total habitat size (patch size)
Artificial Training Bank 50 39.873′ N
001 55.943′ W
3–4 m 0.0096 km2
Artificial Shore Road Pipe 50 41.510′ N 001 55.451′ W 3–5 m 0.005 km2
Artificial Poole Bay Artificial Reef 50 39.725′ N
001 54.853′ W
9–10 m 0.001225 km2
Natural Inner Poole Patch 50 41.371′ N
001 55.058′ W
4–7 m 0.2 km2 (0.05 km2)
Natural Durley Rocks 50 42.510′ N
001 53.128′ W
5–9 m 0.2 km2 (0.08 km2)
Natural Outer Poole Patch 50 41.443′ N
001 52.756′ W
6–12 m 0.5 km2 (0.15 km2)
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surrounded by rock armour built in 1890s (Shore Road Pipe) 
and a purpose built pulverised fuel ash concrete artificial 
reef constructed in 1989 [Poole Bay Artificial Reef (Collins 
et al. 1990)] (Fig S1). All six sites were located within a 
10 km2 area with distance between sites ranging from 0.7 to 
6 km (Fig. 1, Table 1).
Methods
Baited remote underwater video (BRUV) was used to char-
acterise the mobile fauna (fish and larger invertebrates, 
e.g. crabs, lobsters, cuttlefish, squid, and whelks) of three 
natural and three artificial habitats within Poole Bay. Sam-
pling was conducted using three mono BRUV units and 
one Stereo BRUV placed randomly on the sea bed within 
a site,  > 300 m apart to prevent confounding issues of fish 
moving between sampling locations (Haggitt et al. 2014). 
Mono BRUV allows relative abundance and number of spe-
cies seen to be estimated. Fish length measurements were 
made using stereo BRUVs, which enables determination of 
the proportion of adult and juvenile fish species present in 
each habitat (Unsworth et al. 2014). BRUV deployments of 
30-min soak time were conducted from a boat at each of the 
six sites in April, May, June, July, August and September 
2019 (n = 144). Soak time was determined by species accu-
mulation curves produced in previous local research (Hall 
2018). Four replicate videos were obtained at random (non-
fixed) locations from each site during each month.
The mono BRUV units consisted of a single GoPro Hero 
3 high-definition camera with underwater housing fixed to a 
weighted aluminium frame (460 mm2, 660 mm tall; weight 
11.5 kg). The stereo BRUV unit consisted of two GoPro 
Hero 5 cameras mounted in SeaGIS (SeaGIS Ply Ltd 2020) 
underwater housings (Medium FOV). The stereo housings 
were separated by 500 mm and set at an angle of 5° con-
vergence, and the housings were fixed to a large weighted 
metal frame (1 m × 0.5 m). The stereo BRUV units were 
calibrated prior to the surveys using the SeaGIS calibration 
cube and calibration software (CAL) (Harvey and Shortis 
1998). For both mono and stereo BRUV, a plastic bait-arm 
(20 mm diameter) attached to the base of the frame extended 
horizontally for 1 m in front of the camera. Bait, which con-
sisted of 100 g of freshly chopped and crushed mackerel, 
was retained in a plastic cage (5 mm mesh) at the end of the 
bait arm and was replaced for each deployment. A 5-min set-
tlement period was allowed before the data recording starts 
to allow the sediment plume to diminish.
EventMeasure (SeaGIS Ply Ltd 2019) was used to collect 
data on relative abundance (MaxN) for species seen with 3 m 
visibility on each deployment. MaxN is the maximum num-
ber of individuals seen in any one frame during the 25-min 
video, which avoids repeat counts of individuals (Cappo et al. 
2004). Number of species seen: the total number of species 
seen over 25 min (S) was also calculated for each video (Sch-
ramm et al. 2020). We chose to calculate MaxN and number 
of species seen as they are well known BRUV metrics in exist-
ing literature (Whitmarsh et al. 2017). EventMeasure (Stereo) 
software was used to collect 3D length measurements of fish 
captured on the stereo video footage. In order for a fish to be 
measured, it had to be visible in both the right and left camera 
field of view and orientated so the head and the tail are visible, 
and fork length measurements with RMS > 20 were excluded 
(Harvey and Shortis 1998). Fish were classified into adult and 
juveniles based on size information obtained from FishBase 
(Froese and Pauly 2019).
Statistical analysis
A four factor generalised liner model (GLM) with quasi-
Poisson distribution was used to test for significant differ-
ences in both MaxN and number of species seen between 
3 fixed factors: Month, Depth, Habitat (Natural/Artificial) 
and 1 random factor: Site (nested in Habitat; Natural: Inner 
Poole Patch, Durley Rocks, Outer Poole Patch, Artificial: 
Training Bank, Poole Bay Artificial Reef, Shore road pipe-
line). All models were tested for over-dispersion, collinearity 
and the deviance residuals were plotted and checked (Har-
rison et al. 2018). Quasi-Poisson distribution was used as the 
data were only slightly over dispersed and consisted of count 
data (Crawley 2012). Individual linear regressions were run 
against the MaxN data and depth and the number of species 
seen data and depth.
Individual PERMANOVAs were run to assess the differ-
ence in mobile assemblage (e.g. fish, crabs, lobsters, cuttle-
fish, squid) structure between (a) Habitat, (b) Site nested in 
Habitat and (c) Month using MaxN data (Anderson 2001). 
The data were square-root transformed prior to use, to avoid 
the weighting of common species over rare. A Bray–Curtis 
resemblance matrix was used with 9999 permutations and 
PERMANOVA run with unrestricted permutation of raw 
data. Significant results were followed by post hoc tests to 
explore which sites or months were significantly different. 
Canonical analysis of principal coordinates (CAP) was used 
to visualise variation between sites (Anderson and Willis 
2003).
To investigate differences in fish size between natural and 
artificial habitats for the four most abundant species (i.e., 
bib, black bream, bass and pollack) F-tests and T-tests were 
run on the mean fish length data.
Results
Overall 3933 individuals of 39 species were recorded across 
all months and sites including 29 species of fish (Table S1). 
Natural habitats had higher numbers of goldsinny wrasse 
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(Ctenolabrus rupestris), cuckoo wrasse (Labrus mixtus) 
and rock cook (Centrolabrus exoletus), whereas artificial 
habitats had higher abundances of sand eel (Ammodytes tobi-
anus) and rays (Raja sp.). The sites with the highest number 
of species were Inner Poole Patch and Poole Bay Artificial 
Reef (S = 10) and the site with the greatest abundance of 
individuals was Poole Bay Artificial Reef (MaxN = 150). 
The highest number of species were recorded in Septem-
ber (S = 10) and greatest maximum abundance (MaxN) 
was recorded in June (MaxN = 150) at Poole Bay Artificial 
Reef. Observed water depth varied within and between sites 
(Fig. 2) with the natural sites showing greatest variability 
within site (Fig. 2).
MaxN
There was a significant difference in mean MaxN between 
Month, Depth and Site, yet no significant difference in 
Habitat (Table 2, Fig. 3 and Fig. S2). Poole Bay Artificial 
Reef had a significantly greater MaxN than all other sites 
(P < 0.001, Fig. 3). Additionally, the Training Bank and 
Shore Road Pipe had lower mean MaxN than all other sites 
and there was no significant difference between the MaxN at 
the three natural sites (Fig. 3). Overall, June has the greatest 
mean MaxN across all months (P < 0.001, Fig. 3).
Number of species seen
There was a significant difference in mean number of species 
seen between Month and Depth but no significant difference 
between Habitat or Site (Table 3, Fig. 4 and Fig. S3). The 
number of species seen was significantly lower in April and 
significantly higher in September (Fig. 4).
Assemblage structure
Significant differences in assemblage structure were found 
between Habitat, Site and Month (Table 4). Pairwise tests 
revealed significant differences between all artificial sites 
but no significant differences between any of the natural 
Fig. 2  Observed water depth (m) variation for each Baited Remote Underwater Video (BRUV) deployment at each site between April–Septem-
ber 2019 within Poole Bay (± SE, n = 24)
Table 2  Generalised linear 
model results for MaxN data 
comparisons between month, 
depth, habitat and site nested in 
habitat for all 2019 samples
NS not significant
r2 = 0.35 (***P < 0.001)
df Deviance Resid. df Resid. dev P % Explained
Month 5 609.34 136 3620.36 0.0006*** 13
Depth 1 504.81 142 4231.73 0.0001*** 11
Habitat 1 2.04 141 4229.70 0.7869 NS 0.04
Site(Habitat) 4 561.84 132 3058.51 0.0005*** 12
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Fig. 3  Mean maximum abundance (MaxN) of mobile fauna observed 
during 25  min baited remote underwater video (BRUV) surveys 
conducted between April and September 2019, from six sites within 
Poole Bay (Replicate n = 24, ± S.E.). Differences in letters represent 
significantly different groupings (a, b between habitats; c, d between 
sites within natural habitats; e, f between sites within artificial habi-
tats)
Table 3  Generalised Linear 
Model (GLM) for number of 
species seen data comparisons 
between month, depth, habitat 
and site nested in habitat for all 
2019 samples
NS  not significant
r2 = 0.250 (**P < 0.005, ***P < 0.001)
df Deviance Resid. df Resid. dev P % Explained
Month 5 24.20 136 142.25 0.0001*** 14
Depth 1 7.62 142 168.17 0.005** 4
Habitat 1 1.72 141 166.45 0.189 NS 1
Site(Habitat) 4 4.56 132 137.68 0.335 NS 3
Fig. 4  Mean number of species seen (S) of mobile fauna observed 
during 25 min baited remote underwater video (BRUV) surveys con-
ducted in April, May, June, July, August and September 2019 from 
artificial and natural sites within Poole Bay (n = 24, ± S.E.). There 
were no significant differences between habitats or site within habi-
tats
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sites (Table S2). Pairwise tests also revealed significant 
differences between April–May, April–June, April–July, 
April–August, April–September, May–September and 
August–September (Table S2).
The CAP plot shows that four species contributed sig-
nificantly to the variation between sites. Pollack were most 
common on the Training Bank, black bream on Shore Road 
Pipe, goldsinny wrasse on Durley Rocks and Inner Poole 
Patch. Bib were commonly found on most natural sites and 
also Poole Bay Artificial Reef (Fig. 5). In addition, Baillon’s 
wrasse (Symphodus bailloni) were only recorded on two of 
the natural sites, Durley Rocks and Inner Poole Patch, and 
corkwing wrasse (Symphodus melops) were mainly recorded 
on the three natural sites.
Fish length
EventMeasure was used to measure 619 individual fish 
across thirteen species (Table S3). The four most abundant 
species measured were bib, bass, pollack and black bream 
and the majority of these were juveniles. Bib, bass and pol-
lack were significantly larger on natural habitats than artifi-
cial habitats, but with no significant difference in variance 
of size (Bib T360 = − 4.58, P =  < 0.001; Bass T39 = − 7.72, 
P < 0.001; Pollack T30 = − 2.93, P < 0.01; F-test P > 0.05 
in all cases). Black bream were larger, but also with a sig-
nificantly higher variance on artificial compared to natural 
habitats [F = 0.144, P < 0.001: T test (assuming un-equal 
variances) T56 = 7.41, p < 0.001)].
The mean length of bib was greater on natural sites across 
all three seasons (Fig. 6a). Only one black bream adult was 
recorded on a natural site in summer, with the remainder 
Table 4  Individual PERMANOVA results for tests between habitat, 
site and month on MaxN of mobile fauna collected from 2019 BRUV 
surveys within Poole Bay (number of permutations 9999)
Source df SS MS Pseudo-F P (perm)
Habitat 1 14,767 14,767 7.5523 0.0002
Site 5 56,288 11,258 6.5794 0.0001
Month 5 31,773 6354.6 3.3645 0.0001
Fig. 5  Canonical analysis of principal coordinates (CAP) plot for 
site—green symbols indicate natural habitats (Durley Rocks, Inner 
Poole Patch and Outer Poole Patch), and grey symbols indicate artifi-
cial habitat (Training Bank, Poole Bay Artificial reef and Shore road 
pipe). Spearman’s Rank correlation vectors (> 5) overlaid in blue. 
Discriminant analysis is based on 10 PCO axes accounting for 52.1% 
variability within the data
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being juveniles; the smallest fish were recorded solely on 
natural habitats (60–90 mm), and the medium-sized bream 
(150–210 mm) were most abundant on the artificial habitats 
(Fig. 6b). The largest adult bass were recorded in autumn 
on the natural sites; juvenile bass were only recorded on 
artificial sites in summer and autumn. The mean length of 
pollack was larger in spring and summer on natural sites yet 
greater on artificial sites in autumn and all pollack measured 
were juvenile size (Fig. 6d).
Discussion
Artificial structures supported higher abundances in the 
spring and early summer. This pattern reversed by mid-
summer and early autumn when more fish were recorded 
on the natural reefs. Yet overall seasonal differences in 
abundance and number of species seen between habitats 
were not significant. The maximum abundance of indi-
viduals peaked in the summer and the number of species 
seen and maximum abundance increased with depth. A 
large proportion of fish recorded on all sites were smaller 
fish and assumed to be juveniles; overall bib, bass and 
pollack were larger on natural sites, whereas black bream 
were larger on the artificial sites.
BRUV was a useful tool to detect differences in the 
community structure of mobile fauna in this study and cou-
pled with Stereo cameras systems it allowed a high level 
of accuracy in length measurements (Dunlop et al. 2015). 
Although BRUV has been criticised for recording relative 
abundance (MaxN) and not density, it has shown to be a 
cost-effective non-destructive method which overcomes 
problems with diver-based fish avoidance (Schramm et al. 
2020). MaxN was used rather than other metrics (Whit-
marsh et al. 2017) such as “meancount” (Bacheler and 
Shertzer 2015) as this has shown to over inflate zero obser-
vations (Campbell et al. 2015). MaxN accounts for both 
fauna attracted to the bait and the presence of the camera 
frame, alongside species which are just passing through 
the field of view. The majority of fish in this study were 
not observed to be actively feeding on the bait. Variation 
in bait plume dispersal at each site could influence spe-
cies abundance; however this is difficult to control (Harvey 
et al. 2007). BRUV can also favour certain species such as 
predators and overlook smaller cryptic species (Schramm 
et al. 2020). Another disadvantage of BRUV is that it is 
stationary and the field of view is dependent on where it is 
deployed meaning the wider habitat diversity is unknown. 
However, the BRUVs recorded more species and individu-
als compared to diver and remotely operated vehicle sur-
veys (Schramm et al. 2020).
Differences between habitats and sites
Habitat type was not found to be a significant factor in the 
variation in communities within Poole Bay. This contra-
dicts previous studies that have found higher abundances 
on artificial reefs in comparison with natural habitats 
(Ambrose and Swarbrick 1989; Bohnsack 1989; Folpp 
et al. 2020). Both habitat complexity and habitat diversity 
are known to affect the community structure of fish popu-
lations (Nanami and Nishihira 2003; Messmer et al. 2011; 
Fig. 6  Mean fish length (mm) on natural and artificial sites of a 
Bib (artificial n = 108, natural n = 254) b Black Bream (artificial 
n = 30, natural n = 42) c Bass (artificial n = 37, natural n = 4) d Pol-
lack (artificial n = 25, natural n = 7) in Spring (April/May), Summer 
(June/July) and Autumn (August/September) 2019 (± S.E.). Red line 
indicated adult size according to Fish base—Bib = 216  mm, Black 
bream = 197  mm, Bass = 323  mm, Pollack = 410  mm (Froese and 
Pauly 2019)
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Loke et al. 2015). Although habitat complexity was not 
measured directly in this study, we did observe clear dif-
ferences between sites. Evidence has shown that reef fish 
choose holes that are closest to their body size (Randall 
1963) and that the size of demersal fish is dependent on the 
amount of substrate complexity (Elliott et al. 2016). There-
fore, if a variety of habitat complexities are available the 
site will have the potential to support a greater number of 
individuals and species of varying life stages. Certain sites 
were more structurally complex than others, for example 
the natural reefs consisted of multiple-sized boulders and 
rocks with overhangs and deep crevices, whereas Shore 
Road Pipe and the Training Bank were very linear and 
consisted of straight edges and boulders of uniform size. 
The Poole Bay Artificial Reef was designed specifically for 
marine life and contains a variety of habitat types created 
by the informed positioning of concrete blocks (Mallin-
son et al. 1999; Jensen et al. 2000). This increased habi-
tat complexity is possibly linked to higher abundances of 
mobile fauna found on the Poole Bay Artificial Reef as 
determined in previous research (Hunter and Sayer 2009); 
however in some cases increased habitat complexity has 
been shown to have a negative ecological impact through 
increases in density-dependant mortality of juvenile fish 
(Johnson 2006).
Previous studies have found that community similarity 
was more stable on artificial reefs when compared to natural 
reefs (Bohnsack et al. 1994). This study found there was 
greater similarity in assemblage composition on natural reefs 
than artificial reefs, reinforcing the theory of increased com-
munity stability (Connell and Statyer 1977). Assemblages on 
natural and artificial reefs have been shown to have varying 
degrees of similarity depending on the season (Burt et al. 
2009), and this finding was also observed in this study. This 
variation in assemblage composition is often tied to recruit-
ment in the summer months and migration in the spring and 
winter months (Bohnsack et al. 1994; Burt et al. 2009).
Seasonal changes
There were clear differences recorded between the months 
across all sites. The highest overall number of species seen 
was recorded in September and the lowest number of species 
seen in April, which coincides with seasonal fluctuations in 
water temperature (Hiscock et al. 2004; Perry et al. 2005). 
Water temperature is known to influence species distribu-
tions (Hiscock et al. 2004; Perry et al. 2005) and is an impor-
tant factor in both fish and crustacean metabolism (Stoner 
2004; Moland et al. 2011). Seasonal variation in water tem-
perature has shown to be correlated with fish abundance 
(Sanders et al. 1985), European lobster abundance (Moland 
et al. 2011) and whiting distribution (Zheng et al. 2002). 
This study found that abundance of mobile fauna increased 
between April and June after which it declined, which could 
be linked to food availability (Temming et al. 2004; Dalpa-
dado et al. 2009; Reubens et al. 2014). Inner Poole Patch and 
Poole Bay Artificial Reef had a significantly higher abun-
dance in September due to large shoals of juvenile black 
bream at both sites. Increased abundance of juveniles in Sep-
tember relates to recruitment timings (Bohnsack et al. 1994; 
Burt et al. 2009) and has been recorded at other sites nearby 
(Herbert et al. 2017). This emphasises the importance of 
temporal monitoring of both abundance and the number of 
species seen to detect these trends.
Depth
As artificial structures are constructed at different depths, 
it is important to understand how depth variation can influ-
ence the mobile assemblages in coastal habitats. There was a 
significant increase in the abundance and number of species 
seen of mobile fauna with increased depth, which supports 
previous studies (Brook 2002; Anderson and Millar 2004). 
Increased depth and reduced light levels can alter the benthic 
flora, shifting from algal dominated assemblages in shallow 
regions to bryozoan dominated assemblages in deeper water 
(Ponti et al. 2015; Herbert et al. 2017). The change in ben-
thic flora can also influence the distribution of mobile preda-
tors and scavengers. The maximum depth varied between 
3 and 12 m, which is relatively shallow in comparison 
with previous studies (Humphries et al. 2016). The largest 
changes in topography were seen at Outer Poole Patch where 
the highest number of species was recorded, supporting the 
idea that increased habitat complexity at multiple scales can 
yield a higher number of species (Hunter and Sayer 2009). 
The two deeper sites, Outer Poole Patch and Poole Bay 
Artificial Reef, had four species which were unique to these 
sites: European lobster (Homarus gammarus), lesser spotted 
catshark (Scyliorhinus canicula), john dory (Zeus faber) and 
the small eyed ray (Raja microocellata). These four species 
are all known to inhabit deeper waters (Dunn 2001; Moland 
et al. 2011; Wearmouth et al. 2013; Humphries et al. 2016) 
suggesting that depth is the determining factor in their pres-
ence at these two sites. These two sites also had the largest 
abundances of bib which could be related to the increased 
site depth providing more protection from fishing pressures 
and predation (Jennings et al. 2001).
Fish size
The majority of the fish measured on both habitat types were 
juveniles, supporting other work demonstrating the impor-
tance of coastal habitats for juvenile fish (Beck et al. 2001; 
Stål et al. 2008; Kopp et al. 2013). These included bass, 
black bream and pollack, which are commercially fished, 
thus larger individuals may have been absent due to fishing 
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mortality. In situ length measurement data is often lacking 
in studies due to the difficulties in obtaining it; however 
through the use of stereo BRUV this was possible.
The shallower artificial sites were typically colonised by 
tall macroalgae which provided additional refuge for small- 
to medium-sized juvenile species, whereas the natural sites 
were colonised in shorter turf and foliose algae that provided 
refuge for the smallest individuals. The habitat to body size 
ratio is an important factor as fishes are normally found in 
greatest abundances at sites with shelters the same size as 
their bodies (Hixon and Beets 1989). This study suggests 
that both artificial and natural sites could provide suitable 
habitat for fish at different times of their life; however further 
research on movement tracking is needed to confirm this.
Black bream are a species of interest in the area as they 
have very specific nesting grounds and are targeted by rec-
reational fishers, so understanding changes in distribution 
of juveniles is important in the conservation of the species 
(Collins and Mallinson 2012; Pinder et al. 2017). Black 
bream were seen to use both natural and artificial habitats 
as areas of refuge in their juvenile stages so conservation 
measures should take both habitat types into consideration.
Connectivity
Information on fine scale movement between sites for mul-
tiple marine species is lacking (Block et al. 2011), which 
makes conservation difficult. It is important to identify 
stepping stones or pathways of movement between habitats 
particularly between juvenile and adult habitats (Gilland-
ers et al. 2003). This study has shown that both the natural 
and artificial sites are used by mobile fauna and that juve-
niles appear to use different sites throughout the year. The 
presence of subtidal artificial structures may improve the 
resilience of a region by providing additional habitat that 
could be available to different life history stages. In some 
regions this could create more robust metapopulations less 
susceptible to population losses and anthropogenic impacts. 
To obtain more accurate data on the connectivity between 
habitat patches, other techniques could be used, such as 
telemetry and eDNA (Gillanders et al. 2003; Lowe et al. 
2003; Espinoza et al. 2011; Thomsen et al. 2012) and hydro-
dynamic dispersal modelling (James et al. 2002; Campbell 
et al. 2011).
Conclusion
Spatial and monthly variation in abundance and assemblage 
structure of fish and large mobile invertebrates (crustaceans 
and molluscs) were observed across different natural and 
artificial coastal sites, but there was no association with hab-
itat type. Sampling site and month were found to influence 
assemblage structure with particular species showing pref-
erence for certain sites, most likely due to habitat complex-
ity, depth and connectivity to adjacent sites. The smallest 
fish were typically recorded on artificial sites and the larg-
est on natural sites, suggesting that either the fish transi-
tion between sites and habitats throughout the year, or that 
there is a higher rate of juvenile mortality on the artificial 
sites. BRUV and Stereo BRUV was a useful non-destructive 
tool to obtain data on the spatial and temporal variation in 
mobile marine assemblages; however long-term monitoring 
is required to obtain a more accurate understanding. The 
artificial habitats in this region appeared to be providing 
useful resources for mobile fauna. However, the construc-
tion, design and spacing of new artificial structures need to 
take into account the potential effects on adjacent habitats 
and connectivity. The findings of this study will be useful for 
both management of the region and also in the design and 
construction of future subtidal artificial structures.
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